Three experiments were conducted to measure the effect of dietary energy intake on pituitary and luteal function. Intact cows and heifers and spayed cows were administered injections of gonadotropin releasing hormone (GnRIt) following a prolonged period of either dietary energy restriction (low energy) or adequate energy (high energy) intake to determine if energy intake influenced the pituitary responsiveness to GnRH. In addition to measuring luteinizing hormone (LH) release following GnRtt, peripheral serum concentrations of progesterone, luteal progesterone content and the pituitary Llq content of cows fed low and high energy levels were compared. Low energy increased the LH release after a GnRH injection in intact heifers but not in intact cows. Peripheral serum progesterone concentrations tended to be reduced in low energy heifers and cows. Low energy spayed cows released more LH in response to GnRH than adequate energy spayed 1This study was a contribution to Western Re- s The authors express appreciation to: The Upjohn Co., Kalamazoo, MI, for PGF2c~ and progesterone-TME; G. D. Searle Co., Chicago, IL, for Norgestamet| implants; Dr. G. D. Niswender, Colorado State University for anti-bovine LH serum; Dr. L. E. Reichert, Jr., Emory University for purified bovine LH and NIAMDD for NIH-LH-B8.
cows. Therefore, an increase in the LH release after a GnRH injection was observed despite removal of ovarian steroids. Restricting energy intake increased the pituitary LH content of spayed cows but decreased the pituitary LH content of intact cows. The release of LH following five consecutive injections of GnRH declined nonlinearly after the first injection in both low and high energy fed heifers. Conclusions from these results were that dietary energy restriction may influence the LH release directly at the pituitary level as well as indirectly through effects on ovarian steroid production. (Key Words: Bovine, Energy, Spaying, LH,
INTRODUCTION
Restricting dietary energy intake in cattle decreases the luteal content and peripheral plasma concentration of progesterone but increases the peripheral concentration of luteinizing hormone (Donaldson et al., 1970; Gombe and Hansel, 1973) . These investigators suggested that the stimulus for the increase in plasma LH was the reduction in negative feedback associated with a decreased synthesis of progesterone.
Synthetic gonadotropin-releasing hormone (GnRH) causes the release of luteinizing hormone (LH) in cattle (Kahenbach et al., 1974) .
Apparently GnRH acts directly on the pituitary to cause the release of LH since Zolman et al. (1973) reported a dose-related increase in LH when pituitary tissue was incubated with 1 or 4 ng of GnRH.
These experiments were designed to investigate the influence of a prolonged dietary energy restriction (high vs low energy) on: (1) the release of LH following a synchronized estrus; (2) the release of LH in intact heifers following five consecutive injections of GnRH; (3) the 181 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 1 (1978) bpellets contained alfalfa hay and barley straw (2:1).
CSupplemented with 379.7 g tripoly phosphate/lOO kg.
dMaximum dry matter 25%.
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release of 1.11 following one injection of GnRil in intact and spayed cows, and; (4) the pituitary LII content of intact and spayed cows.
EXPERIMENTAL PROCEDURE

Experiment
1. Twelve crossbred heifers (Jersey • ltereford and Jersey • tlereford-Angus) that werc 18 to 20 months old and weighed an average of 354 kg were randomly divided into two equal groups and assigned to be individually fed a high or low energy ration for 64 days prior to administration of GnRH. Each heifer assigned to the high cncrgy ration received 9.0 Mcal of net energy/day, which corresponded to an estimated average daily gain of .3 kg; each heifer assigned to the low energy ration received 3.9 Mcal of net energy/day (table 1).
Both rations met or exceeded maintenance levels of digestible protein, calcium, phosphorus and other minerals.
After 45 days of differential feeding, all heifers received a 6 mg progestogcn ear implant (Norgestamet| 6 and a single intramuscular (IM) injection containing 3 mg of Norgestamet| and 6 mg of estradiol valerate. Implants were removed on day 54. All heifers were detected in estrus within 3 days after implant removal and were fitted with indwelling jugular cannulae on day 62.
Sixty-four days after the initiation of high and low energy feeding and 8 to 9 days after the detection of a synchronized estrus, all heifers received five doses (125 ~g each) of synthetic GnRH by IM injection at 4-hr intervals for 16 hr (at O, 4, 8, 12 and 16 hr , 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 180, 210 and 240 rain after each injection. Approximately 10 ml of blood were collected in each sample and the cannulae were flushed with an equal volume of sterile saline. Blood samples were allowed to stand at room temperature for 3 to 4 hr before they were centrifuged at 4 C to obtain sera. Serum samples were frozen and stored (-20 C) for subsequent analyses. The total release of LH after each injection of GnRH was'eStimated by integration of the area below each heifer's LH release curve from 0 to 4 hr after each GnRH injection with a defined baseline 'of 0 ng/ml. Luteinizing hor--mone concentration in ng/ml was plotted as the ordinate and time after administration of GnRH as the abcissa. Therefore, the area is expressed as hr x ng/ml.
The data were analyzed by least squares ana'lysis of variance for a 2 x 5 factorial d~sign with ration and GnRH injections as !fixed effects. Significant differences in response, to the equally spaced injections of GnRH were analyzed with single degree of freedom orthogonal comparisons.
Analyses of peak concentrations of LH and the total LH release in 12 heifers after five injections of GnRH generated 38 residual degrees of freedom (table 3) . However, since the responses to several injections of GnRH within each heifer are expected to be autocorrelated, probability determinations of F-ratios in this experiment were determined by a conservative test using 10 denominator degrees of freedom (G. Richardson, Colorado State University,
personal communication).
Experiment IL Twenty-eight crossbred beef cows that were 2 to 6 years old and weighed an average of 497 kg were randomly divided within age groups into two equal groups and assigned to be individually fed either a high or low energy ration. High and low energy rations supplied 10.6 to 6. aprobabi|ities determined based on 10 degrees of freedom for residual (see experimental procedure).
IM injections (33.5 mg each) of prostaglandin F2a-THAM salt (PGF:a) 44 and 55 days after feeding of the high and low energy rations began. Thirteen days after the last injection of PGF2a, 10 to 12 days after detection of the synchronized estrus, seven of the 14 cows in each group were fitted with indwelling jugular cannulae and then received 250 #g of GnRH by intramuscular injection. Blood samples were collected 10 rain before and at 0, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 180, 210 and 240 rain after GnRH administration. Blood samples were processed as described in experiment I. Eight-six to 93 days after the initiation of high and low energy feeding and 8 to 12 days after detection of the second post-synchronization estrus, all cows were slaughtered. Blood samples, pituitaries and ovaries were collected at the time of slaughter. Hot carcass weight was recorded then carcasses were allowed to chill 24 hr before backfat measurements and kidney fat weights were determined.
Corpora lutea were weighted after removal from the ovary. Whole corpora lutea were stored in ethanol at -20 C prior to homogenization. An aliquant of each homogenate was diluted for radioimmunoassay of progesterone.
The anterior lobe of the pituitary was weighed and stored at -20 C. Each anterior pituitary was subsequently thawed and individually homogenized in ice-cold, double-distilled water. A small aliquant of each homogenate was diluted for radioimmunoassay of Ltt. Total LH release following GnRH in the 14 treated cows was determined as in experiment I.
Pituitary contents and concentrations of LH, pituitary weights, corpora lutea contents and concentrations of progesterone were analyzed by analysis of variance of a 2 x 2 factorial design with ration and treatment with GnRH as fixed effects. All other data were analyzed by one-way analysis of variance of a completely randomized design.
Experiment IlL Ten crossbred beef cows, 3 to 5 years old, weighing an average of 519 kg were randomly divided within age groups into two equal groups and assigned to be group fed a high or low energy ration as described in experiment II.
To synchronize estrus, all cows received 33.5 mg of PGF2a by intramuscular injection 44 and 55 days after the feeding of high and low energy rations began. All cows were observed for beha,-;oral estrus at 2-hr intervals after the last injection of PGF2a. Blood samples were taken every 6 hr after the last injection of PGF2c~ or hourly for 24 hr after detection of the synchronized estrus. Blood samples were processed as described in experiment I.
After 70 days of being fed either the high or low energy ration and 12 to 13 days after detection of the synchronized estrus, each cow was ovariectomized. Supravaginal bilateral ovariectomy (spaying) was performed on standing cows under local anesthesia. Coccygeal vein or artery blood samples were collected daily for 7 days and every other day up to 30 days post-ovariectomy.
Thirty days after ovariectomy each cow was fitted with an indwelling jugular cannulae and then received 250/~g of GnRH by IM injection. Blood samples were collected and processed as described in experiment 11.
Three days after treatment with GnRH, all cows were slaughtered and pituitaries were collected. The anterior lobe of each pituitary was stored and assayed for LH as in experiment II.
The total LH release during the synchronized estrus was estimated by integration of the area under each cow's LH release curve from 5 hr before until 7 hr after the peak concentration of LH with the estimated baseline area subtracted. The total area is expressed as hr • ng/ml. The total LH release after injection of GnRH was determined as in experiment 1.
Peak LH concentration and total LH release either during the synchronized estrus or after GnRH administration were analyzed by oneway analysis of variance of a completely randomized design. Regressions of LH concentrations on days post-spaying were compared by the method described by Steel and Torrie (1960) . Average daily gains were analyzed by analysis of variance of a 2 • 2 factorial design with ration and spaying as fixed effects.
Luteinizing Hormone Assay. A double antibody radioimmunoassay as described by Niswender et al. (1969) and previously validated for use in our laboratory (Kaltenbach et al., 1974) was used to quantitate LH in experiment I. The same radioimmunoassay previously described by Randel et al. (1973) was used to measure LH in experiments II and I11.
Progesterone Assay. Progesterone was quantified by a double antibody radioimmunoassay using an antibody against progesterone-lla-BSA (bovine serum albumin). Progesterone11a-TME (tyrosine methyl ester) was labeled with 12sI for the tracer hormone. Procedure for the assay, including the iodination of progesterone-11a-TME, has been described by ~4 Niswender (1973) . Validation of the assay for specificity and repeatability was described by ~ 3 Staigmiller et al. (1974) .
RESULTS AND DISCUSSION
Experiment L During the 64-day feeding period, heifers fed the high energy ration gained .33 kg/day but heifers fed the low energy ration lost .28 kg/day (table 2, P<.O1).
The interaction between the effect of the two rations and the effect of five consecutive injections of GnRH (energy level • injection time, table 3) was significant for both peak concentrations of LH and total LH release. Heifers fed the low energy ration had higher peak concentrations of LH and a greater total LH release following the initial GnRH injections; but, after ~he first two injections of GnRH, there was essentially no difference in response. The heifers fed low energy rations also tended to have lower concentrations of serum progesterone at the time of the first GnRH injection (5.7 + 1.0 vs 3.7 + .7 ng/ml, P<.13). Although the effects of restricted energy intake interacted with the effect of five consecutive GnRH injections, the pattern of lower serum progesterone and a greater release of LH in low energy fed heifers agrees with the findings of Gombe and Hansel (1973) .
The pattern of LH release in response to five injections of GnRH is shown in figure 1 . Both peak concentration of LH and the total LH (table 3) . Orthogonal comparisons of cubic effects for GnRH injection times were significant and suggest that the release of LH decreased nonlinearly in response to the first three injections of GnRH but then tended to increase in response to the last two injections.
The pattern of LH release after a series of GnRH injections reported here is similar to that reported by Kinder et al. (1975) for cycling cows that received 150 ~tg of GnRH at 4-hr intervals. Luteinizing hormone release in both studies was greatest after the initial injection of GnRH. Chakraborty et al. (1973) suggested that the decrease in response to GnRH after the initial injection may be caused by either a gradual loss of pituitary responsiveness to GnRH or a decrease in stored pituitary LH. Rippel et aL (1974) reported that pituitary concentrations of LH in anestrous ewes were not influenced by successive administrations of GnRH. This finding can be interpreted to mean that the decreasing response to consecutive injections of GnRH may be due to a gradual loss of pituitary responsiveness; but, this hypothesis has yet to be clearly substantiated.
Experiment II. After an average feeding period of 89 days, cows fed the high energy ration gained more than cows fed the tow energy ration (table 2, P<.01). Carcass weight, backfat thickness and kidney fat weight were also significantly (P<.01) reduced by restricting energy intake (table 4) .
Although the seven cows fed the low energy ration that were treated with GnRH lost an average of 30 kg prior to treatment, energy level had no significant effect on peak concentrations of LH or total LH release in response (table 4) . Furthermore, peripheral concentrations of progesterone prior to administration of GnRH were not depressed in cows fed the low energy ration (riot shown in tables: 4.9 + .4 for high vs 4.1 + .8 ng/ml for low). Corpora lutea collected after slaughter weighed less (table 4, P<.02) and mean peripheral progesterone concentration just prior to slaughter tended to be lower (not shown in tables: 5.5 + .6 vs 4.2 + .7 ng/ml, P<.15) in cows fed the low energy ration. However, neither content nor concentration of progesterone in the corpora lutea was affected by the energy restriction.
Although pituitary weights shown in table 4 were not affected by restricting energy intake, pituitary content and concentration of LH were lower in cows fed the low energy ration (P<.01, content; P<.05, concentration).
Experiment IlL Cows fed the low energy ration had lower average daily gains but spaying increased average daily gains regardless of energy level (table 2, P<.01). Backfat thickness and kidney fat weight at the time of slaughter were lower (table 4, P<.05) in cows fed the low energy ration despite the weight gains after spaying.
One cow fed the low energy ration was not detected in estrus following synchronization treatment but a corpus luteum was present at the time of spaying. This cow was not included in the analysis of LH concentrations after the synchronized estrus. Both peak concentrations of LH and total LH release after the synchronized estrus were slightly bur not significantly higher in low energy fed cows (table 4) .
The increase in serum LH concentrations during the first month after spaying is shown in figure 2 . Regressions of LH concentrations on days post-spaying were not different between groups (b = .027 vs .056 for high and low energy fed cows, respectively, P>.10). This result is interpreted to mean that dietary energy restriction does not alter the pituitary sensitivity to removal of ovarian steroids.
Cows fed the low energy ration had greater peak concentrations of LH and a greater total LH release following GnRH administration than cows fed the high energy ration (table 4, both P<.05).
Pituitary content of LH at the time of slaughter tended to be higher in cows fed the low energy ration ( General Discussion. Results of experiment I and II are not consistent. Differences in rate of gain between cows fed the high and low energy rations in experiment II were slightly greater than for the heifers in experiment I. However, the endocrine response to the ration difference was less for the cows (experiment II) than the heifers (experiment I). Reasons for such inconsistencies may be threefold. First, similar weight changes may not affect mature cows and growing heifers equally. Heifers, having lost a greater percentage of their bodyweight while still in a growing phase, may have been more critically affected. Second, a lower dose of GnRH was administered in experiment I (125 /lg) than in experiment If. The effects of energy restriction of pituitary responsiveness to GnRH may be dose dependent. Third, the effects of restricting energy intake may depend on the condition of the ~nimal at the outset of the study as well as the severity of the dietary energy restriction. There may have been an initial difference in condition of the cows and heifers. Other investigators have been unable to observe a consistent effect of restricted energy intake even when experiments were repeated using identical rations and animals of comparable maturity (Apgar et al., 1975) .
In each of the three experiments, the release of LH after GnRH or after a synchronized estrus was as high or higher in cows fed the low energy ration as compared to cows fed the high energy ratiOn. Peripheral concentrations of progesterone tended to be reduced when dietary energy intake was restricted. Gombe and Hansel (1973) and Apgar et al. (1975) have suggested that restricting energy intake reduces the corpus luteum responsiveness to LH stimulation resulting in the corpus luteum synthesizing and releasing less progesterone. The negative feedback progesterone exerts on LH secretion is decreased. Therefore, systemic levels of LH are increased indirectly through the effects on the ovary. Lower concentrations of progesterone were observed after prolonged energy restriction in experiments I and II. In experiment III, however, the ovaries were removed from all cows, but a greater pituitary responsiveness to GnRH was still observed in cows fed the low energy ration. The restriction of dietary energy intake in this experiment produced a greater release of LH without acting through effects on the ovaries. Presumably, restricted energy intake acted directly on the pituitary to increase the responsiveness to GnRH.
Energy intake has been shown to influence reproductive performance of beef cows (Wiltbank et al., 1962 (Wiltbank et al., , 1964 Dunn et al., 1969) . Low energy intake increased the interval from calving to first postpartum estrus and decreased fertility in postpartum cows. Although the animals in these experiments were not tested for fertility, changes in the hormone concentrations of undernourished animals suggests that differences in energy intake may affect fertility by altering endocrine function.
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